Abstract-The recognition of plants is directly associated to society's life. Leaves from plants are proved to be a feasible source of information used to identify plant species. The recognition system of leaves is accomplished automatically using the experts of human being. Unfortunately, it has their loopholes that are a time consuming processes and low-effectiveness progression. The leaves classification using predictable process is quite complicated, time complexity, and as a result of using very long-termed in botanical science for non-experts that make it more irritated operation. Thus, the prompt developments in digital images, computer vision and object detection and recognition systems encourage scientists to work towards plant species recognition according to image processing technology. In this study, an image processing algorithm in order to find out the shape structure of tested plants is presented. This technique exploits the variant to scaling shift, spin technique, scaling approach, and filtering processes. The leaf contours of the same plants are computed using Support Victor Machine (SVM) where the similar sequences of the same contours usually carry the same features while the different plants sequences have different contours. In this regard, SVM classifier is exploited to be applied as a classifier to the plant's leaf. In the Experiment part, the finding was taken from Flavia dataset and it demonstrated that the suggested technique has high recognition efficiency compared to state of the art methods and is shows better quality images especially in complicated features of digital images such as ridges, edges, lines ,curves and complicated contours.
INTRODUCTION
The globe contains many kinds of plants where variety of plants can be seen everywhere on the earth, for example, huge number of species around 250,000 of plants are counted and recorded according to recent studies. Interestingly, plants which are found everywhere have played a pivotal role in several kinds of aspects in our life e.g. it may conserve soil, water and environments, reduce the pollution that may lead to improve the earth climate. In human aspects, plants provide the variety of food to help us to survive. As a matter of fact, the natural variety of each type of plant has its exceptional features and advantages such as morphology, human habits, and economic standards. Generally, In order to emphasize in plant functionality, plant recognition, classification and identification should be stated. Currently, a large number of researches and methods have been introduced in classification process in plant recognition system. For instance, a genetics technique that uses genetics, plant chemotaxonomy approach, and plant techniques based on cytotaxonomy analysis. Scientific terms that exploit plant classifications are not only used in Botany science, but also it is considered to be the foundation of ecology systems of the plants around the globe. Its applications can be seen in plant genetics, medicine and chemical issues. On the other hand, few studies are exploited to use these techniques in plant classification and recognition. In addition, the methods mentioned earlier are basically shown its results according to people's point of view (qualitative assessments), which mostly will affect the overall output of the accuracy of the classification process. As a result, it is a burden task to meet the people's needs and desires to speed up the recognition rate. Nowadays, image processing and object recognition procedures have been developed in order to increase the quality of the recognition and matching output and the overall results of plant recognition and identification.
In previous studies, there were many techniques worked on the theoretical and technical parts of plant recognition and identification processes, where most of these methods were based on image processing techniques. Image-based methods were used to give promising procedures for leaf recognition systems [1] [2] [3] .
The computer used in the recognition system can basically snap or take a ready digital image of a specific plant then can do some pre-processing procedures such as filtering, resizing and rotation, etc. in order to recognize the leaf or at least to get some information about species themselves if a the full recognition is unavailable. The use of computer-aided can be very helpful to identify plants, leaves and flowers even nonprofessionals can exploit these facilities as well. As a consequence, the use of technology (computer aided and mobile applications) helped large numbers of research studies to be devoted in plant species recognition process. For instance, Image CLEF is considered as one of the foremost visual image retrieval applications that can be used in plant and leaf recognition and identification. Thus, in comparison with fruits, flowers, stems, branches, etc. leaves in plants are basically found during the whole year and can be noticed and collected easily. Leaves have many features and information that can be considered, such as the blades, margins, skin and textures. In addition, the mentioned features can be easily detected, and also observed accurately using high quality digital cameras and can apply and analysis the detected images using the camera's applications.
II. LEAF-BASED IMAGE RECOGNITION
Leaf recognition system is mostly built using image processing techniques where the leaf is considered the main organ in the full plant structure [4] . Plant identification system can be studied as a part of biometric recognition procedures, as both systems are constructed based on similar philosophies. In this part of this study, leaf recognition system is designed according to digital leaf images which were taken from database or by digital cameras. The main frame work of the proposed method is depicted in Figure 1 . The block diagram of the proposed method is basically consisted of five pivotal steps: The input image, either it is snapped by digital camera or taken from database collection, preprocessing steps that may contain image restoration, resizing and enhancement, feature extraction to extract the main attributes that may the tested images contain, image classification to classify the leaves that belongs to this group or that set, and finally the recognized image that show the final format of the resulted image. The tested digital images which are taken by digital camera or obtained from well-known databases, usually are corrupted by some unwanted noise either multiplicative or additive noise type [5] . Accordingly, before the feature extraction step takes place, it is important to conduct image filtering as preprocess step to eliminate the noise and come out with pure image. In some cases, may we need to apply image enhancement and segmentation on the tested images. In the proposed algorithm, the tested images were taken from Flavia database, with several resolutions of N-mega pixels and with jpg format [6] .
A. Leaf Image Pre-processing
The preprocessing step shows several procedures that can be applied on the tested image. Firstly, change the color image (RGB) to gray-scale image, this task is a necessary and important step to accurately carry out leaf contour detection for correct leaf feature extraction. Most plant leaves are generally green in color. However, the leaves are affected by changes in the environment. Therefore, Equation (1) is used to convert the color format of the tested image from RGB to a gray-scale image [7] .
(1)
The gray-scale tested image is then changed to a threshold format. The resulted image can be achieved according to Equation. (2) . (2) In Eq. (2), and are the intensity values of the gray-scale image and the resulted image, accordingly, at location center and represents the threshold value [7] . Figure. 2 depicts a sample of preprocessing step of leaf color converted.
Furthermore, denoising process is needed in order to remove the noise from the tested image. In the noise removal step, semisoft thresholding processes using second-generation wavelet transformation is used. Therefore, in this study the following wavelet denoising scheme is used for 2D image by incorporating neighbouring coefficients in the thresholding process.
Suppose (
) is the set of wavelet coefficients of the noisy 2D signal. Let:
Where is resulted from summation of square of the coefficients that its location in the same row of the coefficient that to be thresholded and ( ) is represented the location of the coefficient in the contaminated image.
Then we set the wavelet coefficient ( ) to zero. Otherwise, we shrink it according to:
Where λ = [9] is called universal threshold (18) , is the noise variance and is number of pixels in the image (size of the image). [8] .
B. Contour-based and Region-based Leaf Recognition
The In this part, the leaf shape is categorized into two main classes: group that is considered due to the leaf contour and the other is classified according to its region-based. Firstly, in the contour-based classification the procedure is conducted according to the extraction of features of the leaf shape where it is taken directly from the geometric shape of the contour of the tested image. On the other hand, leaf image classifications based on its region exploit the shape features of the leaf from the entire region of the tested image [10, 11] . Region-based methods use the whole pixels of the digital image in shape region into one cluster in order to obtain the whole shape frame of the tested leaf image, the main difference compared to contour based classification which use only the edge boundary frame as representation of the main leaf image.
Furthermore, regardless of contour and region based classifications, there are other techniques that can be used to classify the plant's leaf such as color, age and leaf psychology, etc. [4] .
Due to its popular usage and high performance, regionbased classification is used in this study. Two main aspects are used in region based leaf image classifications, image moments and geometric moments. First, the image moments, image moments are considered to be a commonly used category in leaf image classifications. Additionally, the image moments exploit the statistical approach of the leaf shape where it is adapted to have stationary behavior, i.e. invariant to translation, size and rotation. Hu [12] presented an algorithm that uses group of image moments, which is named geometric based moments or practically Hu moments. In the geometric moments, the method is widely used in computer vision applications. Mathematically, geometric based moments are simple and its structure is not difficult to be programmed, but it shows a low performance in high noise levels especially additive noise. As mentioned in the literature, geometric based moments are used in leaf identification processes, for more details refer to [13] [14] [15] [16] [17] [18] . In addition, geometric based moments work as independent source of extracted features and they are widely studied in [17] . Other studies combined geometric moments with image moments to have the advantages of the two methods such the studies in [13, 19 -20] . Some recent studies used Zernike moment invariant (ZMI) and Legendre moment invariant (LMI) in order to exploit the mathematical features of orthogonal polynomial tools, such studies are available in [10, [21] [22] . However, those methods suffer from non-stationary attributes and it is sensitive to scaling and rotation.
C. Leaf Feature Extraction
In this paper, twenty features of digital leaf images were used for leaf identification processes. First, the centroid and the distance between the center and the border of the tested image were computed. Second, the magnitude and phase of Fast Fourier Transformation (FFT) was performed using the calculated distances. The twenty features were extracted based on the behavior using the geometric shape of the leaf under investigation.
D. The Leaf Contour Extraction
There are a couple of methods for leaf contour extraction, such as canny operator [7] , eight-direction chain code method [23] and gradient based edge tracing [24] . Practically, we shall extract the leaf contour based on gradient information. Before leaf contour extraction, the image should be preprocessed in advance. Firstly the colorful image should be transformed into gray image. Secondly the gray image should be transformed into binary image with the threshold obtained by OTSU [25] . Then, we can extract the leaf contour with eight-direction chain code. As a consequence, we will keep only 100 points of the leaf contour by using linear interpolation on image which size is less than 128 128 pixels. The number of points can be changed according to practical application. Figure.3 depicts the final stage the proposed contour extraction. Figure .3 demonstrates the extracted contours of leaves from Flavia leaf image library. It is clearly seen that 100 points can not only preserve the global information of leaf but also contain local information of leaf.
III. THE PROBOSED LEAF DETECTION ALGORITHM
In the proposed method, the computing of effective sequence is a key step since the sequence is the only representation for the leaf contour. Generally, leaf contours of the same plant may have the similar sequence while contours of different plants usually have different sequences. In this regard, we can distinguish the leaves by their corresponding sequence. Here, we use the Euclidean distance between contour point and center point which is simple to compute and also accurate to express the contour information.
• The center point of the leaf contour should be computed with Equation (6), and Figure.4 show two leaf contours with their center point.
(6)
• In the proposed technique, several factors should be taken into consideration in order to build strength leaf recognition system. Figure 4 shows Procedure for obtaining leaf measurements.
• Leaf Width. It is known as the distance between the point intersection in the leaf center and the opposite side that lies on the edges of the tested leaf. It is shown in figure. 4 (a) . • Leaf area and perimeter. The number of pixels in the leaf region is defined by leaf Area, while the numbers of pixels which lie on leaf contour represent the leaf perimeter, as figute.4 (b) and (c) shown respectively.
• Digital morphological features. This term describes the extraction of specific features according to its natural morphological aspects. More details about digital morphological features are found in [8] .
• The ratio of perimeter between leaf length and width can be represented as the ratio of the leaf perimeter and the summation of the leaf length and leaf width, as figure.4 (d) depicted.
• Finally, the vein features, they have been found by combining the method in [8] and the morphological features that are created by gray-scale images in [26] .
Theoretically, shape and contour identification of leaves got most attention in different studies in leaf image recognition. Leaf contour is used mostly rather leaf geometric shape due to its widely influenced by a plant's environment. Despite most of leaves differ in its details; the differences among several species are very obvious to human's optical system. Practically, the proposed leaf recognition system using the extracted contour features is designed. Once the tested plant of specific species is classified and identified, the recognition output can be achieved as mentioned earlier in the basic framework of the proposed recognition system. The main steps by exploiting peaks of the FFT magnitude and phase procedures are stated as follows: The top 10 peaks of the FFT magnitude is calculated, then, if the top 10 peaks which are chosen have shown the same score, the number of peaks that carry the same value is selected. Thus, if the same value still carries the same results, then the number of peaks that show high matching rate will be selected. Table. 1 shows how the score was computed based on priority of the top 10 peaks which is proposed in this algorithm.
VI EXPERIMENTAL SETUP
In the practical part of this study, mathematical and visual analysis will be presented in order to depict the performance of the proposed leaf recognition algorithm. The proposed algorithm was compared with different five techniques, the experiments and evaluations were conducted on Flavia Leaf Dataset [6] . The dataset are composed into a quarantined background and changed from RGB to gray-level color format. In programming part, the proposed algorithm is applied and performed on i7-2800 3.3GHz CPU and 8GB RAM on platform of Windows7 64-bit.
The main samples of the selected leaf images are shown in figure.5 where it was picked out from Flavia dataset with 30 different species. 
A. Performance Validation
As mentioned earlier, the database which is used in this study is well-known Flavia leaf dataset [8] . In plant and leaf recognition researches, Flavia dataset is considered as the most popular dataset. Practically, Table 3 depicts the accuracy results of different techniques including the proposed method. The methods which are included in this study are: Multiscale Convexity Concavity Illustration (MCC) [27] , Triangle Area Representation (TAR) [28] , Inner Distance Measurement (IDSC) [29] , Triangle Side Lengths with Angle Format (TSLA) [30] , Multi-scale-arch-height (MARCH) [31] . As tabulated in Table. 2, the proposed algorithm accuracy shows a competitive performance compared to state of the art leaf recognize methods. Practically, MARCH technique [31] showed accuracy rate of 94.5% where its algorithm structure is based on discrete cosine transform. On the other hand, the method in [30] has shown 96.2% accuracy rate which was the closest rate to the proposed algorithm, the use ok K-SVM gives the method in [30] superior performance among the rest of leaf recognize method. However, the time that needed to execute the process was high. In addition, the experiments in this comparison were conducted also with several well-known classifiers at different lengths and features. The classification methods which are used to evaluate the proposed method are Naïve Bayes (NB), Optimization based on Minimal Sequential (SMO), K-Nearest Neighborhood (K-NN), Meta-Classifier approach, and finally the Random Forest measurement (RF). The algorithms under investigation are different in their structures and performance, but all are used in plant and leaf recognition tests. Figure 6 depicts the accuracy rate versus coefficient length of the propose method and state of the art leaf recognition techniques in the same database (Flavia dataset). The proposed algorithm showed high accuracy rate compared to Rf. The RF technique has a good performance but its time complexity too high. Furthermore, NB showed fair results compared to Optimization based on Minimal Sequential (SMO) and Meta classifier where their error rate remains in marginal results and it changes extremely. In this study, we analysis Fourier transform and its property, and then novel feature for leaf recognition based on FFT is introduced. Firstly, the digital leaf image should be preprocessed into gray-scale image, and then specific point set to represent the contour is extracted. Through computing the space among point set and the center point of the set, we can obtain an ordered sequence. Next, the sequence by Fourier transform will be transformed. The amplitude-frequency can be regarded as the feature. Finally, we used this feature to do some experiments on Flavia leaf dataset with K-NN classification approach. In the practical part, the proposed method has shown its superior performance among state of the art leaf recognition methods. In order to improve the performance of this study, the rate of contour extraction can be improved in order to find a correct leaf contour track from different combination background. 
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